Introduction
Particle filled polymer composites are widely used in kitchens and bathrooms, as both durable work surfaces and in the fabrication of sinks and basins. The addition of the second phase (ATH filler) increases the material's stiffness and aesthetic properties, i.e. texture and appearance (see [1] ). Generally the mechanical performance is good, but in these applications, the materials are often subjected to thermal cycling which occurs around stove cut-outs in kitchens and in sinks subjected to alternating flows of hot and cold water. In both cases, the temperature cycles give rise to stress cycles and this in turn can lead to the propagation of fatigue cracks. It is not clear, a priori, if the material is damaged by temperature cycling or if the crack growth is simply due to the stress generated at various temperatures. To clarify this issue, some conventional fatigue crack propagation tests were performed to measure the crack propagation rate, da/dN, for a range of constant temperatures which covered the operating range [1].
Materials and experiments
The material used is a lightly cross-linked PMMA filled with about 40-50% by volume of Alumina Trihydrate (ATH) particles in the 2-10 µm average size range which occur as agglomerates of 40-50 µm. The 12.5 mm thick sheets were made by a continuous casting process with slow cooling to minimise warping and residual stresses [1] . Preliminary tests were performed by measuring elastic modulus in the 0-100
• C temperature range in both simple tension (ST) and three point bend (3PB) testing. The results are presented in Fig. 1 . The PMMA matrix has a modulus of about 3 GPa at 20
• C and a glass transition temperature of 110
• C with a linear dependence on temperature [3] . The behaviour shown in Fig. 1 may be modelled as a unit cell with a volume fraction, V, of filler of modulus E f in series with (1-V) of polymer E p as shown in Fig. 2 . The filler is assumed to be much stiffer than the polymer so that it constraints the polymer in the transverse directions. Thus for an applied stress σ the strain in the polymer is,
where ν is the Poisson's ratio and,
E 0 is the polymer modulus at T 0 and T g is the glass transition temperature, i.e. T 0 = 20 • C, E 0 = 3 GPa and T g = 110
• C. E f is not known but it is assumed to be high (>100 GPa) and independent of T and the strain in the filler is given by,
Thus for the unit cell the overall strain is given by,
where E c is the composite modulus. Substituting for ε p , ε f and E p , we have,
The data in Fig. 1 may be fitted by
and the line is shown in Fig. 1 . From Equation 1 we have, and
and on substituting for the polymer values and ν = 0.3 we have,
The volume fraction of filler is about 0.5 so these numbers suggest that the filler is mostly in agglomerates giving an effective volume fraction of 0.78 and the rather low modulus of 14 GPa.
The low rate fracture toughness was evaluated using the ISO standard for determining K IC and G IC for polymers [4] . The compact tension (CT) geometry shown in Fig. 3 was convenient since the thickness of the sheet could be used as the thickness of the specimen.
The tests were conducted using a screw-driven Instron machine at 1 mm/min, and the values for K IC at initiation are given by:
where F is the load, f a calibration factor, b the thickness, and W the width [4] . The temperature was controlled by testing the specimen within a temperature cabinet, and was determined by inserting thermocouples into small holes drilled to the centre, along the specimen thickness. Fig. 3 shows the results for K IC as a function of temperature and it remains remarkably constant at 2 MPa √ m over this range. The load deflection curves were linear and G IC was found from the area under the curve, i.e. the energy. E, K IC and G IC are related via,
Thus E could be found, and the values (also shown in Fig. 1 ) agree closely with the values from 3PB and ST.
